INTRODUCTION
============

Allogeneic stem cell transplantation is a potentially curative treatment for patients with acute and chronic leukemia. However, a substantial proportion of transplant recipients experience acute graft-versus-host disease (aGVHD) after transplantation; overall, aGVHD above grade II is significantly associated with treatment-related mortality.

Although supportive care after allogeneic stem cell transplantation (SCT) has improved in recent years, aGVHD remains a life-threatening complication that occurs at transplantation centers and results in significant morbidity and mortality. The combination of methotrexate (MTx) and cyclosporine A (CsA) has significantly reduced the incidence and severity of aGVHD compared to the use of a single agent ([@B1], [@B2]). In a recent study, investigators found that a high serum CsA level after transplantation was associated with a relatively low incidence of aGVHD above grade II ([@B3]).

In a previous study, the early absolute lymphocyte count (ALC) and C-reactive protein (CRP) level after transplantation were found to be associated with significant aGVHD ([@B4], [@B5]), while lactate dehydrogenase (LDH) has rarely been studied. One recent study reported that the serum LDH level was a significant adverse predictor of outcome in HLA-matched sibling bone marrow transplants for acute myelogenous leukemia (AML) ([@B6]).

Therefore, the present study was performed to evaluate early risk factors for aGVHD after transplantation, including the serum levels of LDH, CsA, ALC, and CRP.

MATERIALS AND METHODS
=====================

Patients
--------

A total of 24 consecutive adult patients who had undergone allogeneic SCT from an HLA-matched sibling donor at Pusan National University Hospital between 2003 and 2006 were included in this retrospective study. The underlying disease was acute myeloid leukemia in 22 patients (91.7%) and chronic myelogenous leukemia in 2 patients (8.3%). The median age of the patients was 41 yr (range 21-56 yr), and the male-to-female ratio was 1:1 ([Table 1](#T1){ref-type="table"}).

Conditioning regimens
---------------------

The conditioning regimen included a combination of fludarabine (intravenously, 30 mg/m^2^ for 6 days) with busulfan (intravenously, 0.8 mg/kg qid for 2 days) in 20 patients (83.3%), or a combination of cyclophosphamide (intravenously, 60 mg/kg for 2 days) and busulfan (0.8 mg/kg qid for 2 days) with or without etoposide (intravenously, 400 mg/m^2^ for 2 days) in four patients (16.7%) ([Table 1](#T1){ref-type="table"}).

GVHD prophylaxis
----------------

CsA and methotrexate were used for aGVHD prophylaxis. CsA was administered at a dose of 3 mg/kg per day through 24-hr continuous infusion starting on day -1. The dose of CsA was titrated and maintained at a serum level between 200 and 400 ng/mL. The MTx dosage was 5 mg/m^2^, administered intravenously on days 1, 3, 6, and 11.

Stem cell support and supportive medication
-------------------------------------------

Mononuclear cells (7.25±4.5×10^8^/kg), CD3+ cells (6.0±3.8×10^8^/kg), and CD34+ cells (2.8±1.6×10^6^/kg) were measured in the patients. Granulocyte-colony stimulating factor was administered daily from day +4. All patients received fluconazole for fungal prophylaxis and acyclovir for viral prophylaxis. Trimethoprim-sulfamethoxazole was used as prophylaxis for *Pneumocystis* pneumonia for at least 6 months.

Engraftment measurement and grading of acute GVHD
-------------------------------------------------

Engraftment was defined as an absolute neutrophil count of ≥500/µL and an unsupported platelet count of ≥20,000/µL for two consecutive days or detection of donor DNA by PCR-short tandem repeat (STR). aGVHD was graded uniformly according to the Glucksberg criteria ([@B7]).

Statistical considerations
--------------------------

The Mann-Whitney test was used for the comparison of continuous variables. The cumulative incidence of aGVHD was estimated using the Kaplan-Meier method and the log-rank test. In univariate analysis, the serum CsA and LDH level at the third week after allogeneic transplantation were found to significantly affect the incidence of aGVHD above grade II. Cox\'s proportional regression was used in multivariate models to predict the relative risk of the two factors, the CsA and LDH levels, at the third week after transplantation. All statistical tests were two-sided; *P*\<0.05 was used to indicate statistical significance. Data were analyzed using SPSS 12 for Windows (SPSS Inc., Chicago, IL, U.S.A.) software.

RESULTS
=======

Patient characteristics
-----------------------

Patient characteristics are summarized in [Table 1](#T1){ref-type="table"}. The median follow-up for the patients was 32 months, with 21 patients surviving with complete chimerism (87.5%); three patients relapsed (12.5%) and two patients died. The cumulative incidence of aGVHD above grade II after transplantation was 33.3% (8 of 24 patients), and the median onset time was 33.5 days (range 24-58 days). Twenty-one patients received a peripheral blood stem cell graft, while two patients received a bone marrow graft. All patients were in their first period of complete remission at the time of transplantation.

Correlation between serum CsA level and cumulative incidence of aGVHD above grade II
------------------------------------------------------------------------------------

The serum CsA level was measured every other day, and the CsA dose was adjusted to maintain the serum CsA level between 200 and 400 ng/mL. When the patients were grouped according to the mean serum CsA level during each week, into the above 300 ng/mL group (mean CsA level 332.1±15, higher CsA group; HCsA group) and the below 300 ng/mL group (mean CsA level 231.3±28, lower CsA group; LCsA group), serum levels in the first and second week were not correlated with the incidence of aGVHD above grade II (*P*=0.320) ([Table 4](#T4){ref-type="table"}). However, in the third week, the HCsA group showed a significantly lower cumulative incidence of aGVHD above grade II compared to the LCsA group (*P*=0.015) ([Table 2](#T2){ref-type="table"}, [Fig. 1](#F1){ref-type="fig"}). There were no significant differences in sex, age, stem cell source, conditioning regimen, cell dose, or time to engraftment between the HCsA and the LCsA group in the third week ([Table 2](#T2){ref-type="table"}).

The mean CsA level at week three was significantly higher in patients who developed aGVHD above grade II (*P*=0.011, [Table 4](#T4){ref-type="table"}). However, there were no significant differences in the mean CsA levels at other weeks between the aGVHD above grade II present and absent groups.

Correlation between serum LDH level and cumulative incidence of aGVHD above grade II
------------------------------------------------------------------------------------

The serum LDH level was measured twice a week after transplantation. When the higher LDH group (HLDH group, mean LDH ≥470 U/L) and lower LDH group (LLDH group, mean LDH \<470 U/L) were separated by the upper normal limit (470 U/L), the HLDH group showed a significantly earlier time to engraftment. However, the cumulative incidence of aGVHD above grade II was significantly higher in the HLDH group at the third week (*P*=0.030, [Table 3](#T3){ref-type="table"}, [Fig. 2](#F2){ref-type="fig"}). In the group of patients with aGVHD above grade II, the LDH levels at the first and second week were not significantly different (*P*=0.787, 0.928), but the LDH level at the third week was significantly higher than that in the non-aGVHD group (*P*=0.023) ([Table 4](#T4){ref-type="table"}).

Correlations between ALC, serum CRP level, and cumulative incidence of aGVHD above grade II
-------------------------------------------------------------------------------------------

ALC was measured at the first, second, and third week after transplantation. ALC levels after transplantation were not significantly associated with the incidence of aGVHD ([Table 4](#T4){ref-type="table"}). The serum CRP levels did not differ between the aGVHD group and non-aGVHD group in the first, second, or third week (*P*=0.610, 0.490, 0.653, [Table 4](#T4){ref-type="table"}).

Risk assessment for aGVHD above grade II using the CsA and LDH levels at the third week after transplantation
-------------------------------------------------------------------------------------------------------------

In univariate analysis, the CsA and LDH levels, (not the CRP or ALC level) at the third week after transplantation were significantly associated with aGVHD above grade II ([Table 4](#T4){ref-type="table"}). In multivariate analysis, the CsA (hazard ratio \[HR\], 0.12; 95% confidence interval \[CI\], 0.022-0.652, *P*=0.014) and LDH (HR, 6.59; 95% CI, 1.197-36.316, *P*=0.030) levels at the third week were independent risk factors of cumulative incidence of aGVHD above grade II ([Table 5](#T5){ref-type="table"}).

These findings prompted us to measure the predictive value of the combination of these two factors (CsA and LDH) for the cumulative incidence of aGVHD above grade II. The lowest incidence of aGVHD was observed in the HCsA+LLDH group, and the incidence of aGVHD was lower in the HCsA+HLDH group than in the LCsA+LLDH group. The highest incidence of aGVHD was observed in the LCsA+HLDH group (*P*=0.0016, [Fig. 3](#F3){ref-type="fig"}).

DISCUSSION
==========

We investigated the relationships between the development of aGVHD after matched sibling allogeneic SCT and several factors, including serum CsA, LDH, CRP, and ALC. CsA is a potent immunosuppressant that is used for aGVHD prophylaxis. One study indicated that the blood CsA concentration, especially at the third week after transplantation, was important in terms of the incidence of aGVHD ([@B3]). In this study, the cumulative incidence of aGVHD above grade II was not significantly associated with the serum CsA levels at the first and second week after SCT, but was higher in patients with third week CsA levels lower than 300 ng/mL (LCsA group). This could be explained by the fact that the donor lymphocytes would have proliferated and would have been more activated at the third week compared to the second week after SCT, since the median time to leukocyte engraftment is 14 days. If this is the case, the HCsA group would have a lower incidence of aGVHD at the third week after SCT. Additionally, in this study, an elevated serum CsA level was not associated with renal toxicity, survival, or the incidence of relapse.

In a previous study, ALC after transplantation was found to be associated with aGVHD ([@B5]). However, in the present study, despite high-dose conditioning regimens, ALC levels at day 21 following transplantation varied, and were not found to be significantly associated with the incidence of aGVHD. We thought that because ALC included both the host and donor cells, it did not truly reflect overall donor lymphocyte activities.

The serum LDH level is a predictive marker of inflammation or cell turnover. In the present study, only three patients had fever at the first week after SCT. However, the patients did not show any evidence of infection or inflammation after that time. There was also no indication that serum LDH level should be increasing during this time, such as cell turnover, hemolysis, or disease reactivation. The LDH level was also reported to be a prognostic factor in malignancies such as germ cell tumors ([@B8], [@B9]), non-Hodgkin\'s lymphoma ([@B10], [@B11]), and small cell lung cancer ([@B12]). In a recent study, increased LDH levels were shown to adversely affect survival; in another study, a high LDH level was found to be an independent, significantly poor prognostic factor following allogeneic transplantation for acute myeloid leukemia ([@B13]). The initiation of aGVHD requires that donor lymphocytes recognize host alloantigens after host tissue damage due to conditioning chemotherapy. Serum LDH is a general indicator of tissue damage ([@B14]). In a previous study, elevated LDH was found to result from cell proliferation ([@B15]). Therefore, we thought that an elevated LDH level after engraftment may be associated with host organ damage and the repopulation of activated donor lymphocytes; an elevated LDH level may influence the cumulative incidence of aGVHD. In the present study, the LDH levels at the first and second week after transplantation were not found to be associated with the incidence of aGVHD above grade II. When two groups (HLDH group vs. LLDH group) were separated by the upper normal limit of LDH (470 U/L), the HLDH group at the third week had a tendency to have a higher incidence of aGVHD above grade II compared to the LLDH group. At the third week after transplantation, the HLDH group showed a more rapid engraftment rate.

CRP is a well-known marker of inflammation, which is mainly induced by IL-6 ([@B16]). IL-6 is produced by many cell types, including monocytes, macrophages, fibroblasts, and endothelial cells, which may survive the conditioning regimen and respond to tissue damage caused by high-dose cytotoxic agents and infections ([@B17]). In the present study, CRP levels during the early post-transplantation period were measured, and their associations with the incidence of aGVHD were investigated. However, the impact of CRP on the development of aGVHD was not found to be significant in this study.

In univariate analysis, two factors (serum CsA and LDH levels at the third week after transplantation) were found to be significantly associated with aGVHD above grade II. Four groups were created by combining these two factors (HCsA+HLDH group, HCsA+LLDH group, LCsA+HLDH group, and LCsA+LLDH group). The LCsA+HLDH group had a significantly higher incidence of aGVHD than other groups, while the HCsA+LLDH group had a significantly lower incidence. The HCsA+HLDH group showed a tendency toward a decreased cumulative incidence of aGVHD compared to the LCsA+LLDH group.

Using Cox regression analysis, an elevated CsA level and a lower LDH level were the most important parameters, and were found to be correlated with a lower incidence of aGVHD above grade II. However, due to the small number of patients enrolled in this study, a bias may have affected our analysis. Thus, further, larger-scale studies are needed.

In conclusion, the serum CsA and LDH levels significantly affect the incidence of aGVHD above grade II in the study population. The CsA and LDH levels at the third week after allogeneic stem cell transplantation appear to be the most important factors related to the incidence of aGVHD. aGVHD risk assessment using these two simple predictors is valuable in clinical practice.
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![The cumulative incidence of aGVHD of the two serum CsA groups at the third week after transplantation. A higher CsA level was associated with a lower incidence of aGVHD above grade II (*P*=0.0004).\
aGVHD, acute graft-versus-host disease; HCsA, higher cyclosporine A; LCsA, lower cyclosporine A.](jkms-24-555-g001){#F1}

![The cumulative incidence of aGVHD of the two serum LDH groups at the third week after transplantation. A lower LDH level was associated with a lower incidence of aGVHD above grade II (*P*=0.0026).\
aGVHD, acute graft-versus-host disease; HLDH, higher lactate dehydrogenase; LLDH, lower lactate dehydrogenase.](jkms-24-555-g002){#F2}

![The cumulative incidence of aGVHD of four groups (HCsA+LLDH, HCsA+HLDH, LCsA+LLDH, and LCsA+HLDH group) at the third week after transplantation. The HCsA+LLDH group showed significantly better results than the other groups (*P*=0.0016).\
aGVHD, acute graft-versus-host disease; HCsA, higher cyclosporine A; LCsA, lower cyclosporine A; HLDH, higher lactate dehydrogenase; LCsA, lower cyclosporine A.](jkms-24-555-g003){#F3}

###### 

Patient characteristics
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PB, peripheral blood; BM, bone marrow; Flu-Bu, fludarabine-busulfan; Bu-Cy, busulfan-cyclophosphamide; Bu-Cy-Etopo, busulfan-cyclophosphamide-etoposide; WBC, white blood cell; aGVHD, acute graft-versus-host disease.
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Comparison between the HCsA group and LCsA group

![](jkms-24-555-i002)

HCsA, higher cyclosporine A; LCsA, lower cyclosporine A; Flu-Bu, fludarabine-busulfan; Bu-Cy, busulfan-cyclophosphamide; Bu-Cy-Etopo, busulfan-cyclophosphamide-etoposide; MNC, mononuclear cell; WBC, white blood cell; aGVHD, acute graft-versus-host disease.
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Comparison between the HLDH group and LLDH group
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HLDH, higher lactate dehydrogenase; LLDH, lower lactate dehydrogenase; Flu-Bu, fludarabine-busulfan; Bu-Cy, busulfan-cyclophosphamide; Bu-Cy-Etopo, busulfan-cyclophosphamide-etoposide; MNC, mononuclear cell; WBC, white blood cell; aGVHD, acute graft-versus-host disease.
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Comparison between the aGVHD above grade II group and the non-aGVHD group
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aGVHD, acute graft-versus-host disease; Flu-Bu, fludarabine-busulfan; Bu-Cy, busulfan-cyclophosphamide; Bu-Cy-Etopo, busulfan-cyclophosphamide-etoposide; MNC, mononuclear cell; WBC, white blood cell; CsA, cyclosporine A; CRP, C-reactive protein; LDH, lactate dehydrogenase; ALC, absolute lymphocyte count.

###### 

Results of Cox regression analysis of the cumulative incidence of aGVHD above grade II
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aGVHD, acute graft-versus-host disease; CsA, cyclosporine A; LDH, lactate dehydrogenase; CI, confidence interval.
